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Abstract 
There are the aspects of the issue to reduce the possibility of specific quantity of metal of flow of multi-stage pump in 
terms of reducing the radial dimensions while maintaining a high level of energy performance. One solution to this 
problem is to use two-row impellers. However, designing a two-row system blade and prediction of its characteristics 
is associated with a number of issues that are currently in the research involving the use of computer modeling of 
fluid flow in the flow of the pump. 
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As it is know, one of the criteria of products competitiveness is their metal contents and, consequently, 
costs. One of the ways of lowering the metal content of pumping equipment is to reduce the radial 
dimensions of the flowing part of the pump. The flowing part of the vane pump generally consists of three 
main elements: inlet, impeller and outlet. The flowing part of the intermediate stage of a multistage 
centrifugal pump consists of an impeller and guide vane (GV). In this case, inlet function is provided by 
reverse channels of the guide vane faced the impeller. 
Therefore, there are several possible ways to solve the problem of lowering the metal content. One of 
them is to reduce the ratio of the guide vane (GV) external diameter to the impeller external diameter 
DGV/D2 (Fig. 1), which in quadratic degree influences on pump metal content and therefore the possibility 
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of reducing thereof is extremely attractive. In practice, this ratio depends on ns rapidity factor, and for 
pumping equipment manufactured by CIS enterprises, it is exposed in Fig. 2 in form of individual points 
corresponding to the specified flowing parts [1]. 
Case ǻD
Fig. 1. Illustration of the influence of radial dimensions of the impeller and guide vane on the pump metal content 
Recommended field 
The pumps produced at  CIS enterprises
DGV/D2
Fig. 2. Statistics for DGV/D2 versus ns 
The radial overall dimension of the guide vane (GV) is determined by a number of parameters 
including the size of the inlet diffuser, the diffuser portion length, by the area of the flow turn to the next 
stage. In doing so, this GV design should provide a minimal degree of hydraulic losses. Therefore, as a 
86   Igor Tverdokhleb et al. /  Procedia Engineering  39 ( 2012 )  84 – 90 
rule, it is necessary to look for a compromise between obtaining maximum efficiency and minimizing the 
production cost associated with GV radial dimensions. Resulted from this point of view, in [1], it is 
recommended the range of variation DGV/D2 obtained based on the accumulated data (It is graphically 
shown by solid lines in Fig. 2): 
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Consequently, there is a specified limit for reducing DGV, after which the GV efficiency will sharply 
fall being, of course, highly undesirable. According to the results of the statistical studies [2] GV 
hydraulic efficiency at the intermediate stage (being in the range of ns = 39 ... 106) is in the range 0.87 - 
0.89. 
Therefore, as a second variant to solve the technical problem of reducing radial dimensions of the 
stage, the authors propose to consider the possibility of reducing the diameter of the impeller outlet (D2) 
while maintaining the required head pressure (H), the level of hydraulic efficiency (of the order of 0.96 to 
0.98 [2]) and the ratio of DGV/D2 = const. 
Here is an equation for consideration of the theoretical head pressure produced by the impeller: 
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where: Ȧ - circular velocity, g - acceleration due to gravity, Qɤ – flow rate through the impeller,  
R2 – impeller external radius, RC2 - the radius of the center of gravity of the normal line passing through 
the point of a stream outlet, ȕ0  - angle of attack of the flow onto immobile grid, which corresponds to 
"idle mode" (usually taken ȕ0 = ȕ2L (vane angle at the outlet)), b2 - the width of the impeller at the outlet, 
k – coefficient of transparency, y - coefficient of the allowance of the active radius (y=f (ȕ2L, z)),  
ȥ2 - coefficient of constraint at the impeller outlet:  
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where: t2 – step of the vanes around the circumference of radius R2, ı2-the vane thickness at the outlet, 
ı2U - the vane thickness at the outlet in the circumferential direction
In accordance with (2), reducing D2 results in reducing the head pressure produced. That is, there 
appeared a necessity to find a way to reduce D2 diameter of outlet while maintaining the head pressure 
(H) and the efficiency of the impeller, and thus provide the conditions the flow moving into the guide 
vane (GV) with the minimal losses. In other words, it is necessary to consider the ways for increasing the 
head pressure in the impeller. It is visible from equation (2) that the result may be achieved by increasing 
the angle of the vane at the outlet ɴ2L, the number of the vanes z2 and the width at the outlet b2. In 
practice, this is due to the following: 
1. Increasing the impeller width and the vane angle at the outlet. With increasing the outlet angle ɴ2L,
there decreases the steepness of the head pressure characteristic curve, and for the impeller with small and 
mean rapidity factor ns, at the characteristic curve, there could be occurred a sinking area that in a number 
of cases might be highly undesirable. Increasing the width of the impeller at the outlet is limited by 
increasing losses and decreasing the steepness of the characteristic curve that are resulted from reducing 
the ratio of the relative velocities at the outlet and at the inlet. [3]. 
2. Modifying the outlet edge of the vane (by means of backing off etc.). As the given operation is 
finishing, to include it at a design stage is undesirable. The shapes of the modifications for the outlet 
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edges, which are used now for increasing the head pressure values, have been defined as a result of 
separate practical experience and experimental work [3, 4]. 
3. Creating an additional rotational element of vortex. Creating an additional vortex element for 
increasing head pressure was used at creation of a centrifugal and -vortex stage for submersible vane 
pumps [3]. 
4. Introduction of additional layers of vanes. A number of operations on application of multilevel 
impellers [5] have displayed efficiency of the use of the second row of vanes for increasing head pressure 
values of the impellers. But it should be noted that flowing in two-row vane grid of the impellers for 
centrifugal pumps of common industrial purpose has been insufficiently studied by the moment and now 
there are no reliable methods of design. 
The investigations, which had been being conducted for the last years in the HMS Group company, 
displayed rather high effectiveness of applying two-row impellers for the pumps of average rapidity. As 
an instrument there is used numerical simulation (software ANSYS CFX) (methods of computational 
fluid dynamic), providing a great accuracy for modeling a fluid flow in a flowing part and for specifying 
distribution of fields of pressures and velocities within the entire volume. 
As an example, there are further represented some results of flow simulation for an impeller in 
multistage centrifugal pump of CNS type, having the number of vanes z = 8, and with the same impeller, 
but with two-row vane system consisting of the row of the basic vanes z1 = 8 and the row of vanes 
truncated on the input side z2 = 8. The drawing in fig. 3 obviously illustrates that the hydraulic efficiency 
of the two-row impeller remained at the same level, and thus increasing the set value of the head pressure 
under the deign condition makes 13 %. Hence, there is a possibility to save a required value of head 
pressure and diminish diameter D2, and accordingly, radial dimensions of the stage by 4 %. 
It is interesting to compare the kinematical parameters of the flow at the impeller outlet. Absolute 
velocity fields for the both cases have no considerable differences while the distribution of the angles of 
the flow at the two-row impeller outlet is more uniform (fig. 4). Also, it is confirmed by the analysis of 
the histograms numerically indicating a ratio of the flow angles at the impeller outlet. Accordingly, the 
flow at the two-row impeller is more uniform, and such a result should provide for lower energy at 
merging streams and, therefore, smaller losses at the inlet channels of the diffuser following after the 
impeller [6]. 
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Fig. 3. Relative characteristics ɇ=ɇ(Q) and Șhydr= Șhydr (Q) for one-row impeller (z=8) and for two-row impeller (z1/z2=8/8), 
obtained as a result of numerical simulations produced
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Fig. 4. Velocity field parameters at the outlet of: one-row  impeller (z=6) and two-row impeller (z1/z2=6/6). 
Besides, there is an interest in comparison of curve for the theoretical head pressures ɇɬ = ɇɬ (Q) for 
two-row impeller, which have been received as a result of calculation per equation (2) for the number of 
vanes z=16 with Stodol-Sherstjuk correction on the finite number of vanes recommended by [7], as a 
result of numerical simulation with the use of program complex ANSYS CFX (NS), and also according to 
physical testing (PT) (fig. 5). From the drawing in fig. 5, it is visible that NS and PT data have a 
divergence in an effective range within 1 %, while the curve ɇɬ computed per Euler’s equation, displays 
discrepancy ɇɬ to 6 %. The given discrepancy can be explained by the fact that in the correction for a 
finite number of vanes, there are not taken into account the variables depending on the lengths of the 
vanes, and value ɇɬ for the vane systems z1/z2=8/8, with the truncated vanes of the second row, is 
calculated according to the procedure, which is applies for the impeller with z =16 with vanes of identical 
length. 
Introducing the second row of the vanes also should result in reducing amplitude of pressure pulsations 
that will improve vibration characteristics of the stage. 
Due to the fact that at the initial design stage, the one-dimensional model of a flow is used, when 
calculating a theoretical head pressure for two-row impeller per equation (2Ϳ͕ ĂĐƚƵĂů ŝƐ Ă ƋƵĞƐƚŝŽŶ of 
specification of the correction for the finite number of vines. Its solution is possible at presence of 
sufficient volume of statistical data which are supposed to be received carrying out NS series. 
More detailed investigation as for influence of installation of the second row vanes on the flow 
performances would allow developing a procedure providing in the future, to design the two-row 
impellers ensuring simultaneously high power parameters and uniform flow at impeller outlet. And, 
hence, the conditions for flowing onto inlet edges of the diffuser channels in the diffuser would be more 
favorable because of diminishing losses in the diffuser.  
At the same time, it is planned to apply the optimization methods providing a possibility to get a 
combination of head pressures being developed and corresponding efficiency values at a specified 
combination of geometrical parameters, which determine the shape and position for the vane of the 
second row.  
Impeller z = 8        Impeller z1/z2 = 8/8 
Distribution of the angle of the vector for the absolute velocity at the impeller outlet  
Distribution histogram for absolute velocity angles at the impeller outlet 
 
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Euler’ s equation
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Fig. 5. Characteristics ɇɬ= ɇɬ (Q), received as a result of  NS, PT and Euler’s equation corrected for a finite number of vanes 
Thus, replacement of one-row impeller by two-row one gives the possibility to increase the head 
pressure while maintaining (acceptable falling) efficiency. Hence, in the case of decreasing diameter D2
the method under consideration allows obtaining impeller, which has energy characteristics meeting the 
requirements to the basic design, but smaller radial dimensions, and consequently there would be possible 
to reduce metal content of a stage as a whole. 
Conclusions 
1. As a result of investigations, there was revealed the possibility to diminish dimensions of a 
flowing part at the expense of reducing the external radius of the impellor D2 and ratio DGV/D2, and 
reducing D2 is ensured at the expense of increasing the number of vanes while applying them in the 
impellor of two-row vane system. 
2. The comparative analysis of the theoretical head pressure curves of the two-row impellor, 
counted by PT, NS and Euler's equation results corrected for the finite number of vanes, showed that for 
accurate forecasting head pressure performance, in this case, it is required to specify the formula of 
correction for the finite number of vanes. 
3. Operations on researching flow in the two-row impellor for the purpose of creating a technique 
for designing highly effective flowing parts should be continued. 
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